This paper reports experimental verification of nonlinear output regulation for an inverted pendulum system. The output regulation problem, which is alternatively referred to as servo system design problem, is posed so that the cart of the pendulum tracks an arbitrarily given sinusoidal signal while holding the pendulum up above. To solve the problem, it is necessary to solve the so-called nonlinear regulator equation and the computation for its solution is based on a newly proposed theory to approximate center manifolds in a system of ordinary differential equations. This computation theory, which was proposed by the authors previously, provides an iterative algorithm that enables one to obtain higher order approximations. The algorithm is suitable for computer implementation and a 7-th order polynomial state feedback law is obtained. The experiments show that the cart of the pendulum tracks sinusoidal signals with different frequencies. The paper also reviews the general theory of nonlinear output regulation as well as the theories of center manifold and its approximate computation.
1.
Davison Francis 
Output Regulation Control Experiment for Inverted Pendulum (Nonlinear Control via Center Manifold Approximation Theory)
Hidetoshi SUZUKI and Noboru SAKAMOTO *2 *2 Nagoya University, Graduate School of Engineering Furo-cho, Chigusa-ku, Nagoya, Aichi, 464-8603, Japan (1)
1 (Neutral Stability) (2) w = 0 Lyapunov
The Japan Society of Mechanical Engineers
(8) (6) 1 1
(5) π(w)
3. (14), (17), (18) (21) x j =π j (w), j = 1, . . ., 4,ū =c(w)
x 3 =π 3 (w),x 4 =π 4 (w) (24) (14), (17), (18) (26), (27) 1 c(w) = − (J + ml 2 )C 1 π 4 (w) − (J + ml 2 )mlπ 2 (w) 2 sin π 1 (w) + m 2 l 2 g sin π 1 (w) cosπ 1 (w) (J + ml 2 )C 2
A.2 (24) sin 
